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Introduction 
Since the inception of the tuna lognline fishery in the Indian Ocean in 1952, an annual average 
of ten percent of the number of tunas and spearfishes caught continues to be damagei by sharks. 
In spite of the fact that this method of fishing for tunas is also resulting in the exploitation of a signi-
ficant quantity of the tuna-preying sharks, the extent of the damage by these predators continues 
to be fairly constant. Quite often the damaged tunas are acceptable to the market, especially for 
canning. On the other hand report of damage caused by killer-whales, occasional at the beginning 
of the fishery in the Indian Ocean, has been increasing in frequency each year and since 1960 tuna 
fishermen have been desperately calling for ways and means of reducing the damage caused by these 
mammals which are conc;idered to be one of the fastest and fiercest that swim and one of the most 
terrible predators. Unlike sharks killer-whales do not get hooked on the tuna longline; and tunas 
damaged by killer-whales are almost always unfit even for canning. 
The problem of predation by killer-whales exists not only in the whole of the Indian Ocean 
including the Timor and Banda Seas but also in the Atlantic and Pacific Oceans, especially in the 
seas around New Guinea, Samoa, Caroline and Marsnal Islands. The Fishery Research Laboratory 
of the Tokai University in Japan has estimated that the tuna boats belonging to their Prefecture 
(Shizuoka) alone lost about Y 450,000,000 (£450,000) in a year as a result of the damage by killer-
whales (!washita, 1963.) 
The seciousness of this problem of predation was highlighted at the annual tuna research 
conference held in Kochi, Japan, in February 1963, and steps were taken to devote considerable 
attention to this problem. In this context the author wishes to thank Professor Yoshio, Hiyama, 
Dr. H. Nakamura, Dr. A. Suda, Dr. Y. Nosa and Mr. Nakagome, J. for suggesting to me this 
problem and for their assistance. 
Materials and th3ir sourc:s 
Records maintained by Japanese tuna clippers, research vessels of the Regional Fisheries 
Research Laboratories, Prefectural Fisheries Experimental Stations and Fisheries Universities and 
training ships of fisheries, High Schools and Colleges, were made available through theN ankai Regional 
Fisheries Research Laboratocy and Kanagawa Prefectural Fisheries Experimental Station which 
are the two leading tuna research laboratories in Japan. Tuna longline boats touching at Ceylon 
ports have also kindly permitted me the use of their records. Statistics of 59,405longline operations 
in the Indian Ocean, coveTing the period 1955 to 1963, were collected. Details included the fishing 
locations, season, size and structure of gear, catch by number and species, the number of tunas 
damaged by sharks and killer-whales and remarks relating to the above factors. The records maintained 
by the research vessels were very valuable in the indentification of the species composition 
of the catches, their stomach contents, size and sex and also to check the correctness of the identi-
fication of shark species reported by commercial vessels. Specimens and other materials for the 
study were collected with the help of commercial tuna :fishermen longlining in the Indian Ocean. 
The species involved 
(a) K1~ller-whales. About seventeen species of killer-whales have so far been reported (Gray, 
1865; Anonymous, 1909; Beddard 1900) of which eight belong to the genus Orca and nine 
to the genus Grampus. The killer-whales are of relatively low commercial value, rarely 
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caught; much of the knowledge we have is based on the study of ones that have strayed inshore 
or been washed ashore in various parts of the world. In fact it is considered by some biologists 
that most of the specific names of killer-whales are synonyms (Beddard, 1900). As such, the 
taxonomy of the killer-whales awaits further attention. Attempts to obtain specimens of these 
predators from the tuna fishing grounds have failed because these whales do not get caught to the 
hooks on the longline and only on extremely rare occasions do they get entangled in the lines. 
Furthermore, the commercial boats would not have space for storing such a large animal even if 
one were caught. However all tuna fishng Loats report their observations on those killer-whales 
which get caught or are seen close to them. 
In these reports by commercial and investigating vessels, the following characters have consis-
tently appeared as describing these predators. Black slender and agile animals, ventral side of 
the body whitish, length ranges from fifteen to thirty feet, very prominent triangular dorsal fin, 
large teeth with recurved crown (Plate 1) on both jaws, forty-eight or more in number, very blunt 
snout, small eyes; swims in schools of five to fifty. These characters viewed in the light of Gray's 
classification of the Cetaceans (Gray, 1896) make it seem reasonable to assume that the killer-whales 
in the tuna grounds of the Indian Ocean are of the genus. Orca. They resemble the species 0. brevi-
17·17 12•12 
rostris (Gray), with the dental formula 
14
_
14 
and 0. capensis (Gray), with the dental foumula 12 .12 
However, as expressed by Sir W. Flower and F. E. Beddard, "their specific differential characters 
if any have never been clearly defined" and" we shall not therefore attempt any discrimination of 
species" (Beddard, 1900). 
(b) Sharks. About twenty species of sharks are caught by tuna long-lining in the Indian 
Ocean. Those species of sharks that cause considerable damage to the hooked tunas have been 
identified by correlating their abundance with the percentage of tuna damaged (Sivasubramaniam, 
1963). The species which appear very commonly in the longline catches of the Indian Ocean are 
listed below. 
Common name 
White tipped shark 
Cub shark 
Black tipped shark 
Great blue shark 
B onito shark 
ackerel shark 
iger shark 
M 
T 
H 
T 
T 
ammer head shark 
hresher shark 
hresher shark 
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Caught by longline 
Scientific name 
Approx. Approx. 
meanwt. Max. wt. 
-----
Carcharinus longimanus (Poey) 30 Kgrm 100 K grm 
" 
brachyurus (Gunther) 60 K grm 200 K grm 
" 
albimarginatus (Q et G) 40 K grm 100 K grm 
" 
melanopterus (R) 35 K grm SOKgrm 
Glyphis glauca (Linn) 50 Kgrm lDO K grm 
Isurus glaucus (Muller and Henle) 75 K grm 275 K grm 
Lamna ditropis (Hubbs et Follet) 75 Kgrm 200 K grm 
Galeocerda species (2 ~) ? ? 
Sphyrna species (3) (Linn) 75 K grm 300 K grm 
Alopias pelagicus (Nakamura) 50Kgrm 150 K grm 
" 
profundus 
" 
100 Kgrm 200 K grm 
The extent of damage to tunas is very high when Carcharinus species like O._longimanv._s (Poe:y) 
and 0. brachyurus (Gunther) are abundant, whether it be in the Indian, the Pacific or the Atlantic 
Oceans (Sivasubramaniam, 1963). 
Density of distribution 
(a) Killer-whale. The percentage of the annual total operations durina which the killer-whales 
yvere sight~d in the fis~ing_gro~ds ha~ increased steadily from a low valu: of 0 ·4% in 1955 to 9 ·6% 
m. 1963 (Fig. _1). The mchnatwn, as Will be observed, became higher after 1959 and this corresponds 
with the penod from which fishermen started to complain of heavy damages to the hooked tunas 
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by killer-whales. Given in the same fiooure is the approximate annual increase in the fishing effort 
.applied in the Indian Ocean. The increase in the effort has been almost entirely due to the expansion 
of theJapanese tu:ua longline fishery in the Indian Ocean (Mimura et al, 1962; Anonymous, 1962; 
Suda et al, 1962). The increase in the effort since 1960 has been due to the intensified bluefin fishery 
Qff the west coast of Australia (Mimura & Warashina, 1962) and also due to the entry of nations 
bordering the Indian Ocean, into the fishery. 
The fact that the probability of meeting the killer-whales tends to increase with the increase 
in the number of operations carried. out annually by the tuna boats, introduces a bias and hence 
the increase may not be acceptable as an indicator of a proportionate increase in the abundance 
or the density of distribution of killer-whales in the Indian Ocean. It is being considered here that 
the increase in the percentage of the number of occasions on which killer-whales appear in the fishing 
ground will continue to be significantly evident even after the bias is destroyed and even if there 
are no significant changes in the size of the killer-whale population in the Indian Ocean. This is 
because it_ is conjectured that this predator being a mammal, will be capable of intelligently developing 
.a regular habit of preying on hooked tunas, from the occasional chances of feeding on them wbi'ch 
they may have had since the commencement of the fishery and that more and more of them are 
gradually " learning " the habit of frequenting the tuna fishing grounds to get their prey the easy 
way. 
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Fig. 1. Annual variation in the occurrence of the killer-whales, expressed as percent-
age of total operations, in the tuna fishing grounds of the Indian Ocean (cross) and 
the annual increase in the fishing effort (circles) expressed as number of operations. 
(b) Sharks. The selective power of the tuna longline is such that, as in the case of tunas, the 
hooked rate of shark may be accepted as a parameter for their density of distribution. In the tuna 
fishing grounds north of the equator, the hooked rates of sharks are very high (Fig. 2) and the density 
of distribution of these tuna preying sharks may reach one third or more than one third that of the 
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tunas. This relative denseness of sharks as interpreted by the longline catches appears to decline 
latitudinally, southwards (Sivasubramaniam, 1963). There is no evidence of significant annual 
variation in the hooked rate of sharks in the Indian Ocean. With the decline in the hooked rates of 
tunas in the Indian Ocean, the percentage of sharks in the longline catches is increasing and sharks 
may ultimately become the dominant variety to be fished by tuna longline, especially north of the 
equator. 
·Regional and seasonal variation in distribution 
(a) Killer~whales. As far as the Indian Ocean is concerned, the killer-whales may appear in any 
region and perhaps there are no tuna fishing grounds in which these predators have not been seen. 
Killer-whale schools have most frequently been observed around the Maldive Islands and the Chagos, 
which are good fishing grounds for yellowfin tuna (Thunnus albacares (Bonnaterre) ) and big-eye 
tuna (Thunnus obesus (Lowe) ). The Lesser and Greater Sunda region::;, the Banda and Timor 
seas are also regions where these predators have been observed quite frequently (Figs. 7 A-7 L). 
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Fig. 2. Frequency distribution of the hooked rates of sharks in the main tuna fishing 
area!" of the Indian Ocean. 
Analyses carried out to study the seasonal variation in distribution of these predators indicate 
that they follow the movements of the tuna boats or the tunas. The frequency of appearance of 
killer-whales in the tuna fishing grounds of the Indian Ocean tends to be higher during the second 
half of the year hut this has to be confirmed. It seems reasonable to assume that the killer~ whales 
may appear in any part of the Indian Ocean irrespective of the season and that any seasonal variation 
in their pattern of distribution is at least partly dependent on that of their p:rey-the hooked tunas 
(Figs. 7-A 7 L). 
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(b) Sharks. The distribution of the tuna-preying sharks is also related to the distribution 
of the tunas but the relative abundance of particular species of sharks in an area is dependent on 
the species of tuna abundant in that area (Sivasubramaniam, 1963). As the abundance of the 
different species of tunas in the Indian Ocean varies very significantly with the latitude, the percentage 
composition of the sharks species also will vary accordingly. The percentage of Oarcharinus species 
in the catch declines and that of the Great blue shark increases when the fishing is shifted latitudinally 
from the north to the south (Fig. 3). Even when a number of shark species tends to exist in one 
fishing area, their vertical distribution pattern will exhibit differences. Seasonal changes in the 
distribution of these tuna-preying sharks in the Indian Ocean is so far not very clear. 
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The differences in the nature of the damage caused by sharks and that by killer-whales may be con-
sidered one rather of degree than of kind. Though occasionally these predators have been observed 
attacking the hooked tunas near the surface, when being hauled up, generally the predators are not 
visible to the fishermen when the tunas are being attacked. The Japanese tuna fishermen, through 
years of experience, have acquired the ability to identify the predator from the remains of the damaged 
fish on the hook. The followi::J.g are some of the common characteristics which help to differentiate 
the predators. The percentage of the catch damaged by killer-whales during an operation is very 
much higher than that caused by sharks. When sharks are the predators, the damaged tunas are 
found to be distributed at random along the whole length of the set but the attacks by killer-whales 
are in an orderly manner beginning from the end or the middle of the set. Sharks generally attack 
the abdominal region of the tuna and sometimes eat the flesh up to its pectoral region. In the latter 
case the vertebral column may be intact with a little fleshy portion remaining in the caudal region 
or it might become disarticulated and break away (Plate 2). The killer-whales on the other hand 
leave behind onJy the head or a small part of the head surrounding the hook. Even when the head 
is left over, it is devoid of much of the flesh in its temporal and orbital regions and exter.o.ally appears 
to have been slightly crushed. The remains of shark-damaged tunas show very clear teeth marks 
(Plate 3); remains of killer-whale damaged tunas are in such a poor condition that the teeth marks 
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may not be very clear. Usually the wire portion of the branchline carrying the remains of the tuna 
damaged by killer-whales is badly tangled up, indicating that the prey has been subjected to 
considerable twisting and turning by the predator. Sharks damage tunas as well as spearfish in 
the catch but there is no evidence of killer-whales eating hooked spearfish. 
The frequency distributions of the percentage of the catch damaged by sharks and killer-whales 
are distinctly different for the two predators and it is evident that when killer-whales attack the catch 
on a long line set, an average of 55% and a maximum of 100% of the total catch may be lost. When 
sharks are the predators, an average of 11% and a maximum of 45% of the catch during an operation 
may be damaged (Fig. 4). The killer-whales seem to have a very wide distribution in the Indian 
Ocean and hence the probability of occurrence of damage to the tuna catches by the killer-whales 
may be the same irrespective of the fishing area or the tuna species fished. But, in the case of sharks, 
with change of latitude there is a distinct change in their species composition along with which 
the probability as well as the extent of the damage will vary. The percentage of th3 longline catch 
damaged by sharks decreases latitudinally from the north to the south, as indicated in Fig. 3. 
Two factors contributing towards this phenomenon are the decreasing trend in the hooked rates 
of sharks latitudinally from the north to the south as discussed earlier and the reduction in the per-
centage of Oarcharinus species in the percentage composition of shark species, in the same 
latitudinal direction ( cf. Fig. 3). 
However, in a selected area the probability of occurrence and the extent of damage by killer-
whales will have a very large variance because these predators do not appear consistently in the 
area and even when they do appear, the strength of their school may vary between five and fifty. 
In addition, if longlining on a ground is continued consecutively for a few days after experiencing 
damage by killer-whales, the extent of the damage on every subsequent fishing day tends to be higher 
than that of the previous day. On the contrary, the probability of occurrence and the average value 
of the percentage of tunas and spearfish damaged by sharks, are fairly constant for an area. The 
percentage oflongline catches damaged by sharks even in a specific area could vary with season because 
of the seasonal variations in the density of distribution of tunas and tuna-preying sharks and hence 
the correlation between the percentage of the catch damaged by sharks and the hooked rate of sharks~ 
in any particular area (Fig. 5). 
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Besides the direct damage caused by killer-whales to the hooked tuna, very significant loss 
is caused by the decline of the hooked rate of tunas when these predators are present in the fishing 
!IT'Ound. It is estimated that the catch may be reduced by a half or even more, .as a result of the ~resence of this predator within recognisable distance (Fig. 6). 
Consideration 
Over eio-hty thousand tons of tunas and related species are caught annually from the Indian Ocean 
with t~a lo:'lgline gear and at least four percent. of the catch by weight may be lost as a result of the 
damao-e by killer-whales and sharks. The percentage loss in terms of money is in fact much higher becau~e there are other factors which have to be taken into account, like (a) decrease in catch when 
tunas are frightened away from the fishing ground by kil1er-whales, (b) increase in time, fuel and 
food consumed during the search for another ground, and (c) the adverse psychological effect on 
the performance of the crew rosulting from frequent disappointments caused by poor fishing and 
heavy damage. Fishermen have to retrieve the gear from the water as soon as killer-whales are 
sighted, and sail in search of another fishing ground; and only a speedy hauling up can reduce the 
extent of the damage. The psychological effect is so strong that a superstitious belief is growing 
amongst Japanese tuna fishermen that the subject of killer-whales should not be discussed when they 
are out :fishing, or else severe damage would be encountered. 
Though the general trend observed from the analyses indicates the possibility of a decline only 
in the catch rate when killer-whales are present, the fishermen report that unprecedentedly high 
catches may also occur. This they suggest is probably due to the tunas, when frightened or chased 
by killer-whales, aggregating and swimming across the baited longline. This would be an additional 
factor contributing to the variability of the longline catch ; but whether the catch would swino-
favourably or unfavourably towards the fishermen will perhaps depend on the location of the gea~ 
in relation to the position of the tunas and the predators. 
Removal of the killer-whales will constitute something of a problem. The remains of the 
tuna attacked by killer-whales give the impression that the predator carefully devours the whole 
prey, discarding the head or the skull with the hook in it; and hence these predators appear to be 
intelligent enough to escape the hooks on the line. A very small quantity of killer-whales are being 
caught off the coast of Japan by harpooning, but the relatively low commercial value of this animal 
militates against an expansion of its fishery. On the other hand, whilst killer-whales are undoubtedly 
of great importance to the tuna fishery, their role in the natural balance in the ocean should be carefully 
investigated before attempts are made to destroy them. At the same time it is necessary to investi-
gate the extent to which the killer-whales have been responsible for the decline in the hooked rate 
of tunas in the fishing grounds of the Indian Ocean. 
At least ten thousand tons of sharks are caught annually by tuna longline boats in the Indian 
Ocean. Ahnost all of this unwanted catch is thrown back into the ocean. Commonly the wire 
portions of the branchlines carrying sharks are cut off to avoid the labour of hauling the sharks aboard 
and accurate statistics of shark catch by weight are therefore not maintained by vessels. 
Daily catch of tunas per boat has declined from five or six tons at the beginning of the fishery 
in the Indian Ocean, to the present average of tw? tons. In the grounds directly south of Ceylon, the 
Bay of Bengal and the eastern part of the Arabian sea, the catch has declined to about one and a 
half tons and in such areas the sharks :may become the dominant variety to be caught with the tuna 
longline. Considering the present status of this fishery in the Indian Ocean, the sharks will also 
become a desirable variety in the longline catches, for economic reasons. Perhaps for the nations 
planning to develop the tuna longline fishery, the utilization of sharks as profitably as the tunas 
may be a more important problem than predation by sharks. 
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Figure 7 A. 
Figure 1 B. 
Fig. 7A and B. Tuna fishing locations from which killer-whales have been reported (Dec. 1962 and Jan. 1963). 
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Fi~re 7 C. 
Figure 7 D. 
:fig. "'JD ;and D. Tuna fishing locations from which killer-whales have been rsported (Feb. 1963 and Mw.-. 1963}. 
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Figure 7 E. 
·Figure 7 F. 
Fig. 7E and F. 'Tuna fishing locations from which killer-whales have been reported (Ao •. and l\l[ay 1963~ 
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Figure 7 G. 
Figure 7H. 
Fig; 7G and R. Tnn;:t fishing locations from which killer-whales have been reported (Jun. 'and Jul. 1963). 
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Figure 7 I. 
Figure 7 J. 
Fig. 7! and J. Tuna fishing locations from which killer-whales have been reported (Ang. and Sept. 19631 
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Figure 7 K. 
Figure 7 L. 
Fig. 7K andL. Tuna fishing locations from which killer-whales have been reported (Oct. and Nov. 1963). 
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Plate l. A tooth from a fifteen feet long killer-whale caught entangled 
in the longline. 
Iate 2. Remains of a yellowfin tuna damaged by a shark. 
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Plate 3. Teeth marks behind the temporal region of a 
yellowfin tuna, considered to have been made by a shark. 
